Introduction: Benign paroxysmal positional vertigo (BPPV) of the horizontal semicir-
| INTRODUCTION
Horizontal semicircular canal (hSCC) benign paroxysmal positional vertigo (BPPV) accounts for 22% of all BPPV, with paroxysmal nystagmus during positional testing being geotropic in 70%, apogeotropic in 28%, and direction-fixed in 1.8%. 1 The diagnosis of hSCC BPPV is based on history of episodic positional vertigo triggered with positional changes of the head relative to gravity, typically bi-directional changing horizontal positional nystagmus during the supine roll test (SRT or Pagnini-McClure Test) and often during the bow and lean test. 2 Four types of hSCC BPPV have been described based on the pattern of positional nystagmus during the SRT. Canalithiasis presents with an asymmetric decaying geotropic nystagmus with an increased slowphase velocity when positioned on the affected side; cupulolithiasis presents with a sustained asymmetric apogeotropic nystagmus with a decreased slow-phase velocity when positioned on the affected side;
anterior segment or "short-arm" canalithiasis presents with a short duration, asymmetric apogeotropic nystagmus with a decrease in intensity when positioned on the affected side; and canalith jam presents with a horizontal, direction-fixed nystagmus irrespective of head position. [3] [4] [5] Of these subtypes of hSCC BPPV, canalith jam with its direction-fixed nystagmus is most difficult to distinguish from central nervous system pathology.
The mechanism of direction-fixed paroxysmal nystagmus hSCC-BPPV has been attributed to a canalith jam creating a partial or complete obstruction within the lumen of the hSCC. It is hypothesized that as the debris moves from a larger to a narrower portion of the hSCC, the otoconia occlude the lumen (thereby becoming "jammed"). An obstruction within the lumen has also been suggested to occur spontaneously or as a complication following a canalith repositioning maneuver. 6 Hypothetically, the canalith jam may induce a prolonged utriculofugal deviation of the cupula from the horizontal semicircular (deflection away from the ampulla for an inhibitory stimulus) or a prolonged utriculopetal deviation of the cupula (deflection toward the ampulla for an excitatory stimulus). 7 Both would cause a nonfatiguing, spontaneous, horizontal nystagmus regardless of head position.
Geotropization is a term coined by Vannucchi & Pecci (2011) and implies the liberation of the occluding otoconia with an immediate change of the nystagmus from direction-fixed to geotropic. 4 Once converted to geotropic nystagmus, the BPPV may be treated using the barbeque roll (log roll) or Gufoni's liberatory maneuver. 8, 9 Persistent direction-fixed, spontaneous nystagmus consistent with canalith jam of the hSCC can be associated with ipsilateral canal paresis based on caloric testing 7, 10 ; the video head impulse test 11,12 ; and asymmetrical cervical and ocular vestibular evoked myogenic potentials. 12 In each case in which vestibular function was reduced there was recovery within 30 days. 
| Case 1
A 56-year old woman was evaluated for an inability to lie on her left side for the preceding 4 days due to a "strong vertigo." Prior to the onset of vertigo, she was in good health and she had no history of migraine or other balance disorders. Brief exposure to a fixation target suppressed the nystagmus in each roll position. The recently converted presentation of right hSCC canalithiasis was treated using modified Gufoni maneuver that resolved the BPPV. 9 The patient went home and remained symptom free for 9 days.
On the tenth day, she returned to the clinic reporting a return 
| Case 2
A 63-year-old woman with no history of inner ear dysfunction was We show here videographic evidence of geotropization (Video S1). The video-graphic evidence for canalith jam of the hSCC includes:
1. Direction fixed spontaneous nystagmus with fixation removed.
2. Direction fixed spontaneous nystagmus during positional testing. We suggest these four observations help identify otoconia physically plugging (ie, jamming) the lumen of the hSCC, which are different from the more common types of hSCC BPPV in which otoconia are freely floating (canalithiasis) or adherent to the cupula (cupulolithiasis).
In these more common types of hSCC BPPV, it remains possible that patients may have spontaneous nystagmus in an upright position that will change when moving from sit to supine and in the SRT, all of which can help determine the affected ear. 13, 14 For example, an initial left beating spontaneous nystagmus in sitting position that becomes geotropic in the SRT suggests an affected right hSCC due to canalithiasis. In contrast, a left beating nystagmus in sitting that becomes apogeotropic in the SRT suggests the left hSCC as the affected ear due to cupulolithiasis. Additionally, the velocity of the induced direction-changing nystagmus can help identify the side of BPPV within the hSCC: the nystagmus will always be more intense (higher velocity) when it beats toward the affected labyrinth.
In both of our cases of right hSCC canalith jam, we offer two possibilities for the direction-fixed but velocity-dependent positional nystagmus. One explanation is that the otoconial jam acts as a "false" converted to the geotropic form of BPPV (canalithiasis). 1 In that case series, the five subjects each had pseudo-spontaneous nystagmus as our subjects did, but the duration of their positional nystagmus was not reported thereby making it difficult to confirm the otoconia were truly jammed.
Based on the presentation of these two cases, there remain few differential diagnoses that would cause the sudden reversal of nystagmus during positional testing, and thus this finding is critical to be confident in diagnosing canalith jam. Vestibular migraine can cause a persistent nystagmus that is position dependent, though the velocities of the nystagmus tend to be less than we report here. 
